Introduction: Recent evidence suggests that poor sleep is a risk factor that contributes to the development of Alzheimer's disease (AD). Most studies have focused on short-term effects of sleep deprivation on cognitive function, whereas longitudinal studies are limited to self-reported sleep and the risk of later-life dementia. Because sleep loss could be an early manifestation of neurodegenerative disease, reverse causality in these studies cannot be excluded. Objective: In this explorative, observational study, we investigated the effects of extended periods of extrinsically (work-related) caused sleep loss on later-life cognitive function, early dementia symptoms, and current sleep quality. Methods: We approached a community of retired male maritime pilots (approx. n = 500) through a newsletter. We investigated 50 respondents (mean age 71.7 years ± 7.7), with a history of > 25 years of work on irregular schedules, which resulted in extended periods of sleep loss. Validated questionnaires on cognitive complaints (Cognitive Failure Questionnaire [CFQ]), early dementia symptoms (Early Dementia Questionnaire [EDQ]), current sleep quality (Pittsburgh Sleep Quality Index [PSQI] and sleep-wake diaries), quality of life (QoL, EQ-5D), and mood (Hospital Anxiety and Depression Scale [HADS]) were administered by a single investigator (J.T.), who also completed an observer rating of cognitive function. Results: Scores on the CFQ, EDQ, PSQI, EQ-5D, and HADS were within normal ranges adjusted for age, sex, and education. The observer rating was not indicative of cognitive decline. Conclusion: We found no evidence that long-term exposure to work-related sleep loss had resulted in cognitive decline or early dementia symptoms in this sample of retired maritime pilots.
Introduction
Recently, the relationship between poor sleep and Alzheimer's disease (AD) has gained scientific interest. Studies revealed that AD affects areas in the brain responsible for sleepwake regulations [1, 2] . Consequentially, 44% of people with AD suffer from sleep disturbances [3] . These studies found that poor sleep may not only be a symptom of the disease, but also a risk factor for its development and may contribute to its manifestation [2, 4, 5] . One of the major contributors to the neurodegeneration in AD patients is the accumulation of amyloid-beta (Aβ) proteins in the brain [6] .
The cause(s) that drive this accumulation remain uncertain. One hypothesis linking sleep to AD states that amyloid is the main waste product that accumulates during wakefulness due to synaptic activity [7] . During sleep, however, reduced synaptic activity results in a lower production of Aβ [7] . Another hypothesis suggests that a glymphatic system is responsible for the elimination of soluble waste products from the central nervous system, thereby cleaning the brain from waste products during sleep. Loss of sleep could lead to a reduced glymphatic clearance of Aβ [8] . Through either of these hypotheses, poor sleep could increase the risk of developing AD by influencing the production and/or clearance of Aβ. Recent studies support this hypothesis. It was found that 1 night of full sleep deprivation increases Aβ levels in cerebrospinal fluid (CSF) by approximately 10% [9] , increases plasma Aβ [10] , and increases the accumulation of Aβ in the brain measured with PET-CT [11] . Evidence suggests that sleep affects tau, the second pathological hallmark of AD, in a similar manner as Aβ [12] . In addition, vascular disease may play a role in determining the risk of late-life AD [13] . Because poor sleep increases cardiovascular risk, this may be a third pathway through which sleep contributes to AD.
The studies reported above looked at the short-term effects on biomarkers of AD. We initiated the BATAVIA (Being Awake Throughout Adulthood affects (cognitive) Vitality In Aging) study to investigate the effects of exposure to extended periods of work-related sleep loss on postretirement cognitive function, dementia symptoms, and sleep quality. Furthermore, we explored the effects of work-related sleep loss on quality of life (QoL) and mood. We recruited a cohort of retired maritime pilots, who had been exposed to extended periods of sleep loss due to irregular and unpredictable work schedules. Sleep loss is characterized as a combination of sleep deprivation (missing a full night of sleep due to work), sleep restriction (a shorter night of sleep), and sleep fragmentation or disruption (short sleep periods interrupted by calls to work). We will refer to these under the umbrella term "sleep loss" throughout.
We hypothesized that this group is at an increased risk of developing cognitive impairment or dementia and that current sleep quality may be disturbed after long-term chronic sleep loss due to circadian rhythm distortion. These relationships could be more pronounced in participants that have been exposed for a longer time (greater amount of work years) and less pronounced in participants with a longer recovery time (greater amount of retirement years).
Materials and Methods
Design and Procedure The BATAVIA study was an explorative study, investigating the effect of prolonged work-related sleep loss on cognitive decline, early signs of dementia, and sleep quality. Participants were scheduled for 1 visit at which they supplied answers to 6 questionnaires.
Participants
We recruited 50 retired male maritime pilots with work-related sleep loss. Details about the study population and recruitment can be found in the online supplementary material (see www.karger.com/ doi/10.1159/000504020). An example of a typical work week is illustrated in Figure 1 .
Measures A questionnaire about health, medication use, medical history, and the number of work years and retirement years was created. We further used a series of well-validated and sensitive questionnaires to collect information about subjective cognitive decline (Cognitive Failure Questionnaire [CFQ]), early dementia symptoms (Early Dementia Questionnaire [EDQ]), current sleep quality (Pittsburgh Sleep Quality Index [PSQI] and sleep-wake diaries), QoL (EQ-5D), and mood (Hospital Anxiety and Depression Scale [HADS]). Detailed information about the questionnaires is summarized in the online supplementary material. Because all questionnaires were answered in a self-reporting manner, an observer rating was completed (OPS) by the investigator with remarks on orientation, practical skills, and social skills, to assess overall cognitive function of participants.
Statistical Analysis
Analyses were performed using IBM SPSS (SPSS Inc., Chicago, IL, USA). The α value was set at p < 0.05 and tests were conducted two-sided. Outcomes are reported as means and standard deviation (± SD). Correlations were performed using Pearson's correlation coefficient. Correlations of r < 0.3 were interpreted as no/weak correlation and were negligible. Only correlations of r > 0.3 are reported. Significant correlations are reported with 95% confidence intervals (CI). Confounders were addressed with partial correlation analyses.
Results
Fifty participants completed the study. Of these, 3 completed them digitally as they lived abroad. No participants were on medication known to influence cognition or sleep, including sleep medication or antidepressants. Baseline characteristics are presented in Table 1 . 
Subjective Cognitive Functioning (CFQ)
All scores on the CFQ were within the normal range. The highest sub-score was observed on the confusion subscale and the lowest on the orientation subscale. We compared our results to the norms established by Ponds et al. [14] from the MAAS study (Table 2) . No significant correlations were found between the number of working years (exposure to sleep disruptions) and CFQ scores.
Early Dementia Questionnaire (EDQ)
With 0 as the lowest median score and 3.5 as the highest, all participants remained below the cut-off median of 8, which indicates that participants don't show signs of early dementia. The overall mean score was 1.6 ±1.2. The highest score on the EDQ was observed on the memory subscale (mean 6.0 ± 2). Concentration was the second highest score (mean 2.3 ± 1.9), followed by emotional issues (mean 1.6 ± 1.5), and sleep problems (mean 1.5 ± 1.6). Pearson's correlation analysis indicated positive correlations between the number of years retired and physical issues (r = 0.51; p < 0.001; 95% CI 0.39-0.66) and the EDQ overall score (r = 0.3; p = 0.03; 95% CI 0.02-0.55). However, when controlling for age as possible confounder, partial correlations remained insignificant. No significant correlation was found for the number of working years.
Sleep: PSQI and Sleep-Wake Diary
Participants had a mean PSQI of 4.0 ± 2.6, which is below the cut-off of 5, indicating that they had no sleep problems when examining the overall mean. Regarding sleep disturbances, 66% (n = 33) scored below, and 34% (n = 17) scored above the cut-off, with the highest score Values are expressed as mean ± SD or n (%). of 15, reported by 1 participant. However, no significant correlation was found between the number of working years and the PSQI, or between the number of years retired (time of recovery) and the PSQI. Participants maintained a sleep-wake diary for 10 days. A mean was calculated for the 3 most relevant variables: sleep onset latency (SOL), total sleep time (TST), and number of awakenings. Overall, participants did not show anomalies, with a mean SOL of 18 ± 19 min, a mean TST of 7: 09 h ±00: 43, and a mean of 2 ± 0.9 awakenings per night. Furthermore, no differences were observed when comparing week-to-weekend rhythms, concerning bedtimes and wake-up times. The daily intraindividual variation in bedtimes and wake-up times was also not different; apart from some deviation, most participants did not differ > 2 h in bedtimes and wake-up times. Correlation analyses did not indicate any association between the amount of working years or years retired and the 3 main sleep-wake diary entries.
QoL (EQ-5D) and Mood (HADS)
With a mean of < 2 on each subscale, all participants indicated that they experience a good QoL. This was further confirmed by a mean utility score of 0.9 ± 0.1 and a visual analog scale (VAS) score of 81.9 ± 13.1. Slight problems regarding mobility and pain were the most frequent QoL issues, whereas problems regarding self-care were the least frequent. Correlation analysis indicated a significant positive correlation between the number of years retired and the overall score on the EQ-5D (r = 0.4; p = 0.001; 95% CI 0.05-0.64), and a negative correlation between the number of years retired and the utility score (r = -0.4; p = 0.004; 95% CI -0.6 to -0.25). Again, these correlations were mediated by age, as confirmed by partial correlation analysis. No correlation was found between the amount of working years and the EQ-5D.
None of the participants had a HADS score above the cut-off. Concerning anxiety, 48 participants (96%) scored within the normal range of 0-7 (mean 2.7 ± 2.2) and regarding depression, 46 participants (92%) scored within the normal range of 0-7 (mean 2.9 ± 2.4).
Observer Rating (OPS)
The overall mean OPS score was 24.9 ±2.2, suggesting no indications of cognitive dysfunction.
Discussion
We explored the effects of extended exposure to work-related sleep loss on later-life cognitive health and sleep quality. There were no correlations between exposure to sleep loss and cognitive complaints or indications for early-stage dementia, nor did we find negative effects on mood or QoL. Initially, we hypothesized that longer exposure to, and longer recovery from work-related sleep loss impacts the prevalence of cognitive complaints. However, with regard to cognitive functioning, all participants scored normally. We detected a broad variation among CFQ scores, with the lowest score (indicating best performance) on the orientation subscale, probably related to their former profession as maritime pilots that required orientation/navigational skills. From the literature, it is known that approximately 8% of adults aged > 65 years suffer from dementia, for people aged > 80 years the prevalence is 25%. Moreover, approximately 10-20% of people aged > 65 years have mild cognitive impairment (MCI). Based on this prevalence in the general population, our sample could have had an estimated 5-15 participants with MCI or dementia. Since our participants were chronically exposed to sleep loss, we hypothesized that the prevalence of dementia would be higher than in the general population. However, with regard to early signs of dementia, participants scored within the normal ranges and no relationship was found between the amount of exposure to sleep loss and early signs of dementia.
We discovered an association between the amount of retirement years and the EDQ which was mediated by age. This indicates that older age correlates with physical issues and issues regarding memory, concentration, mood, and sleep. Regarding sleep, we expected that participants who had greater exposure to long-term sleep loss to still suffer from sleep problems because their circadian rhythm might have been disrupted. With a mean PSQI of 4, we concluded that the majority of participants was able to adapt to normal sleeping behavior after years of exposure to sleep loss. However, 34% of participants scored above the cut-off for sleep problems; this did not correlate with the amount of exposure to, or recovery from sleep loss. Rather, this high percentage is common in studies on older adults, reporting that 16-34% of participants without any subjective sleep complaints have a high PSQI [15] . From the sleep-wake diary entries, participants showed regular and normal sleep with little variation, which matched our PSQI findings. Current sleep quality did not seem to be affected by previous exposure to work-related sleep loss, indicating that it is possible to recover from periods of sleep loss.
Additionally to our primary aim, we explored the effect of long-term work-related sleep loss on QoL and mood. All participants reported having a good QoL. Older participants indicated more problems concerning mobility, daily activities, and pain. Older age also indicated a lower utility score, which implies a poorer QoL and more daily complications. However, no correlation was found between the number of working years and QoL. Furthermore, none of the participants reported anxiety or depression. Taking into account that maritime pilots are trained to be emotionally stable in dangerous situations, this finding could be a trait specific to our cohort. Interestingly, this trait remained stable after retirement.
In summary, we found that long-term exposure to work-related sleep loss had no effects on cognitive function, early dementia symptoms, QoL, or mood. This is in contrast with earlier epidemiological studies that identified sleep loss as risk factor for later-life dementia. These studies focused mainly on intrinsic sleep problems, whereas we focused on extrinsic sleep loss. It is possible that intrinsic causes of sleep loss drive the relationship with dementia. For example, sleep loss could be a very early symptom of a neurodegenerative disease that manifests 10-20 years later [1, 2] . Alternatively, an intrinsic sleep disorder may be a manifestation of a disease that harbors an increased risk of dementia. These theories could explain why sleep loss due to an extrinsic cause may not lead to an increased dementia risk. Arguing against these theories are short-term studies on acute extrinsic sleep deprivation that have shown associations with mechanisms underlying dementia [9, 16] . These studies suggest that sleep loss, regardless of its cause, is mechanistically linked to pathological processes that increase dementia risk. Our results may be explained by the hypothesis that, in the population we studied, the adverse effects of sleep loss during a work week could be counteracted by rest periods during their week off, when maritime pilots can recover. Our data might suggest that this recovery period of 6-7 consecutive nights is sufficient to reverse the possible detrimental effects of sleep loss on cognitive function and amyloid or tau accumulation. This hypothesis is supported by results from Balkin et al. [17] , who proposed that 3 nights of 8 h of sleep are sufficient to restore cognitive functions after 7 nights of partial sleep deprivation.
Limitations and Implications
This study addressed an important question related to the potential of long-term sleep loss to significantly impact cognitive function. Study limitations were the short habitual sleep assessment duration (10 days), the small sample size (n = 50), and the absence of objective measures of sleep. However, through their historical work schedules, which we used in a different study with the same cohort, we verified that their sleep was indeed impaired during work weeks [18] . Even though our sample was relatively small (approx. 10% of all retired maritime pilots in The Netherlands), we achieved a broad variation in age and geographical location, which should result in a good representation of the retired maritime pilot population. However, our study involved a highly restricted population of males in a particular work setting (maritime pilots) who likely developed an ability to adapt to irregular sleep hours and compensate for this during their rest weeks; this reduces the generalizability of our results. Furthermore, it is possible that only cognitively healthy participants responded to the call for participation. We did receive responses from 2 retired pilots with dementia via their spouses, which could indicate that this bias may be limited, but we were unable to systematically collect information about retired maritime pilots who suffer from cognitive complaints/dementia. Privacy regulations and ethical considerations limited our options to obtain this information. Therefore, an exact number of maritime pilots who have developed AD/dementia cannot be given in the framework of this study. Nevertheless, given the high prevalence of MCI and dementia in the normal aging population, and the much higher prevalence hypothesized in maritime pilots, it would require a strong selection bias to obtain a sample of 10% without any cognitive symptoms. Many people with MCI and mild-stage dementia participate in society, live independently, drive cars, use the Internet etc., and many are unaware of their diagnosis. This makes it unlikely that all participants with MCI/dementia would have been unable to respond to our request to participate. Interviews were performed at or near participants' homes, further reducing the obstacle to participate.
Conclusion
Overall, this sample of retired maritime pilots reported no cognitive complaints or early dementia signs. They reported good sleep, a general satisfaction with their QoL, and stable mood. We found no indications that > 25 years of exposure to work-related sleep loss led to cognitive decline or early dementia symptoms. Our data furthermore suggest, that it is possible to adapt to a normal sleeping pattern after years of work-related sleep loss through sufficient and well-timed rest periods.
